U.S. Patent Apr. 20, 1999 sheet 1 of 14 5,894,832 




U.S. Patent Apr. 20, 1999 Sheet 2 of 14 



5,894,832 




i i r 



FIG. 2 




U.S. Patent Apr. 20, 1999 Sheet 3 <rf 14 

1j 



5,894,832 




r 



if 



1n 



3E 



1m FIG. 4 




U.S. Patent 



Apr. 20, 1999 



Sheet 4 of 14 



5,894,832 



Q 

m 
m 
m 

m 
m 
si 

o 

ru 
o 

Q 








1 












O 


1 








as 








2 









DC 

§ 

ni 
52 




U.S. Patent Apr. 20, 1999 sheet 5 of 14 5,894,832 




STEP 12 



NO 

YES ^STEP 3 
I CALCULATE FUEL FLOW RATE DEMAND I 

NO ^^r^^STEP 10 



SET CSD INJECTION PULSE WIDTH 



FLOW RATE QK£ 



YES ^STEP13 



SET PORT IKJECTTON PULSE W1D"ffl 1 SET CSD INJECTION PULSE WIDTH j 
ST^PUlMTABPSPARKTlMINQ 



I RETARD SPARK TIMWG [j g P 20 



ST^P 16 



NO. 




VARMUP? 



23 



■ YES ^ glEPB 
I START PORT FUEL INJECTION] 

STOP CSD FUEL INJECTION f 
HEATER OffV-STEP 28 




S TEP34^ f 



HEATER CLEANING LOGIC 



'32 




STEP 36 



FIG. 8 



U.S. Patent 



Sheet 6 of 14 



ENGINE SPEED 



SPARK ADVANCE 



FUEL FLOW HATE 




5,894,832 



700 
20STOC 



-20 0 20 40 60 80 
ENGINE TEMPERATURE f€) 

FIG. 9 



100 120 



ENGINE SPEED 



SPARK ADVANCE 



FUEL FLOW RATE 




700 
20STOC 

2QATOC 



■40 -20 0 20 40 60 80 100 120 
ENGINE TEMPERATURE fC) 

FIG. 10 



U.S. Patent Apr. 20, 1999 Sheet 7 of 14 



5^94,832 




U.S. Patent 



Apr. 20, 1999 



Sheet 8 of 14 



5,894,832 



[ENGINE START LOQicV ^STEP 2 




STEP 60—. 



FIG. 12 



UJS. Patent Apr. 20, 1999 sheet 9 of 14 5,894,832 




U.S. Patent 



Apr. 20, 1999 



Sheet 10 of 14 



5,894,832 



O 
m 
m 
m 

m 
m 

m 
SJ 

=i 

o 

4- 
X 

a 
a 



CLEANING MODE LOGIC 



STEP 34 




HEATER OFF 



STEP 90 



SET CSD INJECTION PULSE WIDTH 



STEP 92 



STEP 94 

jSET PORT INJECTION PULSE WIDTH]"'' 




FIG. 14 



U.S. Patent 



Apr. 20, 1999 



Sheet 11 of 14 



5,894,832 



(DIAGNOSIS L^E> STEP4 
I HEATER ON Z> STEP10O 
IINPUT HEATER CURRENT r 5 ^ 1 ^ 



MAXIMUM? 



STEP 



r STORE IMAX rtnfi I 
STORE HEATER WARMUP TIME TMAXr ™ 




ISC VALVE OK? 
YES 



I FAULTPROCESSlNGrwS TEP 124 
MALFUNCTION INDICATOR |w STEP 126 

LAMP QN 



PORT FUEL INJECTION LOGIC 128 



( RFT1IRN MAIN ROUTINE ) -"STEP 130 



FIG. 15 



U.S. Patent Apr. 20, 1999 Sheet 12 of 14 



5,894,832 



CURRENT 



RESISTANCE 




HEATER TEMPERATURE 



FIG. 16 




FIG. 17 



UJS. Patent 



Apr. 20, 1999 



Sheet 14 of 14 



5,894,832 



TO COLD START DEVICE 



HOLEJ FOR IDLE AIR 
IN TAPER BORE 



A^dii^s|^ & 

INTAKE ft M SP* TOENQNE 

taper bore ETC ^6 

FIG. 19 



FIG. 20 



1: START IDLE AIR FLOW 
2: END IDLE AIR FLOW 



\ 




AIR - 




aow- 





FIG. 21 



1: START IDLE AIR FLOW 
2: END IDLE AIR FLOW 



AIR 
FL0W4> 



FIG. 22 



1: START IDLE AIR FLOW 
2: END IDLE AIR FLOW 



AIR 
FLOWJ> 



FIG. 23 



AIR 
FL0W4-> 



1: START IDLE AIR FLOW 
Z END IDLE AIR FLOW 



